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Apolipoprotein (a) as a predictor of Cardiovascular Diseases among Type 2 

Diabetes in Gaza Strip 

Mohammed Kamal Bakeer 
 

Abstract  

The present study was aimed to investigate Lp(a) as a predictor of cardiovascular 

diseases among type 2 diabetic  patients. This study is a case-control study 

composed of 100 T2DM patients without heart disease, and 100 T2DM patients 

diagnosed as heart disease and 100 normal individuals of age matching control. 

Questionnaire interviews were applied. Lp(a)  and high sensitive (hs.CRP) were 

measured using immunoturbidimetric technique. Fasting blood sugar (FBS), 

creatine phosphokinase (CPK), aspartate aminotransferase (AST), lactate 

dehydrogenase (LDH), cholesterol (TC), Triglycerides (TG) and high density 

lipoprotein (HDL-C) were measured using colorimetric and kinetic methods. Low 

density lipoprotein (LDL) was calculated by empirical relationship of Friedewald. 

All ethical permission from local ethical committee was obtained before study 

conducting. Study showed that the levels of FBS, TC, TG, HDL, LDL, LDH, CPK, 

hs.CRP and Lp(a)  were significantly increased among T2DM patients (P≤0.05)., In 

T2DM+HD, the level of  FBG was significantly lower than its level in T2DM; LDH 

and CPK levels were significantly increased (P≤0.05). 51% of T2DM and 65% of 

T2DM+HD have high levels of Lp(a).  High levels of hs.CRP were observed among 

57% of T2DM and 63% among   T2DM+DH. A positive correlation was found 

between Lp(a) and FBS, hs.CRP and LDL, while negative correlation was found 

with HDL level. Strong positive correlation was found between TC and LDL 

(r=0.894,P=0.001), and negative correlation was found with HDL (r=-0.512 

P=0.001) respectively. Furthermore strong positive correlation was found between 

AST and CPK. There is a strong correlation between the presence of abnormal 

levels of Lp(a) and hs.CRP, T2DM and T2DM+HD.  Lp(a) and hs.CRP may be 

considered as  predictor, diagnostic and prognostic marker  of CVD mortality  and 

myocardia infraction among T2DM. Significant increased Lp(a) and hs.CRP were 

recorded among diabetic patients suffering from heart disease.   

Keywords: lipoprotein (a), cardiovascular disease, type 2 Diabetes mellitus, Gaza strip.  
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 عندألمراض القلب واألوعيت الدمويت  باعتباره مؤشرا   ولي )أ( البروتين الدهني األ مستوى تقييم

 مرضي السكر من النوع الثاني في قطاع غزة

 يحًذ كًال بكٛش    

 المستخلص

باعخباسِ يؤششاً أليشاض انقهب ٔاألٔعٛت يسخٕٖ انبشٔحٍٛ انذُْٙ االٔنٙ )أ(  قٛاط ْذفج انذساست إنٗ 

ط ٚيش 011 يٍ انذساست حكٌٕ يجخًع  انسكش٘ يٍ انُٕع انثاَٙ فٙ قطاع غضة. انذيٕٚت بٍٛ يشظٗ

االٔعٛت انذيٕٚت، ٚعإٌَ يٍ أيشاض انقهب ٔ يٍ انُٕع انثاَٙ سكشيشٚط  011ٔ  يٍ انُٕع انثاَٙسكش

ض انقهب أ انسكش كًجًٕعت ظابطت. حى اسخخذاو يخطٕع ال ٚعإٌَ يٍ ايشا 011 باإلظافت انٙ

باسخخذاو  Lp(a)  ٔhs.CRP حٛث حى قٛاطاالسخبٛاٌ ٔجًع عُٛاث انذو نعًم انفحٕصاث انكًٛٛائٛت، 

اَضًٚٛت  حقُٛت انعكش انًُاعٙ أيا فحص انسكش ٔانذٌْٕ ٔاَضًٚاث انقهب ٔانكبذ حى قٛاسٓا باسخخذاو يٕاد

أٔظحج َخائج انذساست  جاٌ األخالقٛت انًحهٛت إلجشاء ْزِ انذساست.حصهُا عهٗ إرٌ يٍ انهٔ .ٔنَٕٛت

ت ، ٛكٕص ، انكٕنسخشٔل، انذٌْٕ انثالثٕٔجٕد صٚادة راث دالنت احصائٛت فٙ يخٕسط يسخٕٚاث كم يٍ انجه

نذٖ يشظٗ  .(P≤0.05)عُذ انقًٛت   LDH ،CPK ، hs.CRP، Lp(a)انذٌْٕ قهٛهت ٔ عانٛت انكثافت ،

انٗ صٚادة راث  باإلظافتانسكش يٍ انُٕع انثاَٙ . ٔجٕد اَخفاض رٔ دالنت احصائٛت فٙ يسخٕٖ انسكش 

، نذٖ انًشظٗ انزٍٚ ٚعإٌَ يٍ LDH، CPKفٙ يسخٕٖ كم يٍ  (P≤0.05)دالنت احصائٛت عٍ انقًٛت 

% فٙ يسخٕٖ 80كًا بُٛج انذساست صٚادة بُسبت  يشض انسكش يٍ انُٕع انثاَٙ يصحٕبا بأيشاض انقهب.

% عٍ يشظٗ انسكش انُٕع انثاَٙ 98عُذ يشظٗ انسكش يٍ انُٕع انثاَٙ ٔ انبشٔحٍٛ انذُْٙ  األٔنٙ )أ( 

نذٖ يشظٗ    hs.CRPفٙ يسخٕٖ  %:8بُسبت صٚادة ، ٔ ٔاالٔعٛت انذيٕٚت يصحٕبا بأيشاض انقهب

ٔاالٔعٛت  % نذٖ يشظٗ انسكش انُٕع انثاَٙ يصحٕبا بأيشاض انقهب 96 بُسبتانسكش انُٕع انثاَٙ ٔ

ٔانذٌْٕ يُخفط hs.CRP ٔ انجهكٕص ٔ ُْاك عالقت طشدٚت يا بٍٛ انبشٔحٍٛ انذُْٙ  األٔنٙ )أ( .انذيٕٚت

بٍٛ يسخٕٖ  عالقت طشدٚتانكثافت ٔعالقت عكسٛت يع انذٌْٕ عانٛت انكثافت ، ٔفٙ انٕقج َفسّ ٔجٕد 

انٗ ٔجٕد عالقت  باإلظافتيع انذٌْٕ عانٛت انكثافت،  عالقت عكسٛت ٔ ،انذٌْٕ قهٛهت انكثافتٔ نسخشٔل ٕانك

يٍ انبشٔحٍٛ عالقت بٍٛ ٔجٕد يسخٕٖ غٛش طبٛعٙ  ُْاك AST ٔ. (r=0.550) CPK قٕٚت يا بٍٛ 

 عُذ يشظٗ انسكش يٍ انُٕع انثاَٙ ٔيشظٗ انسكش انزٍٚ ٚعإٌَ يٍ  hs.CRP ٔ  انذُْٙ االٔنٙ )أ(

أليشاض فٛاث ٕيؤشش نه نهخشخٛص ٔعاليت نهُزٚش ٔ ٔ قذ حعخبش يؤششاً  ٔاالٔعٛت انذيٕٚت ايشاض انقهب

هبشٔحٍٛ ن  احصائٛت دالنت اثرسجهج صٚادة ٔ .يشظٗ انسكش يٍ انُٕع انثاَٙبٍٛ  انقهب ٔاالٔعٛت انذيٕٚت

 انقهب.انسكش٘ انزٍٚ ٚعإٌَ يٍ أيشاض يشظٗ بٍٛ  hs.CRPٔ  انذُْٙ االٔنٙ )أ( 

، يشظٗ انسكش يٍ انُٕع انثاَٙ  أيشاض انقهب ، انبشٔحٍٛ انذُْٙ االٔنٙ )أ(:  الكلماث المفتاحيت  

 .  ،قطاع غضة
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1 Introduction 

1.1 Overview 

Coronary artery disease (CAD) is one of the most common diseases associated 

with dyslipidemia and dyslipoprotenemia. Raising Lipoprotein levels are an 

independent risk factor for previous CAD (Chehade et al., 2013; Tselmin et al., 

2015).  Elevated lipoprotein(a)  (Lp(a)) level have been known to be a risk 

factor for cardiovascular disorders such as coronary heart disease.  A great deal 

of excitement was generated when the remarkable homology between of Lp(a) 

and plasminogen was discovered.  Lp(a) was able to compete with plasminogen 

for binding site  (O'Donoghue et al., 2014). Cardiovascular diseases are a group 

of disorders of the heart, blood vessels and vascular diseases of the brain. CVDs 

are considered as the number one cause of death and disability globally (Anstee 

et al., 2013).   

Diabetes mellitus (DM)  is a chronic condition  that occurs when the pancreas 

does not produce enough insulin or when the body cannot effectively use the 

insulin it produces, leading to damage of the body system , especially the nerves 

and blood vessels (DeFronzo et al., 2015).  In 2014, 9% of adults and older had 

diabetes. (WHO, 2015). Diabetes increases the risk of heart disease and stroke. 

In a multinational study, 50% of people with diabetes die of cardiovascular 

disease (Morrish et al., 2001).  

From about 171 million patients suffering from T2DM in 2000 the number of 

people living with diabetes is expected to rise from 366 million in 2011 to 552 

million in 2030, if no urgent action is taken (Channanath et al., 2014). 

According to the Palestinian Ministry of Health the prevalence of diabetes was 

15.2 in (in 2014), while the cardiovascular diseases 27 % (in 2014) and the 

prevalence of cardiovascular diseases and diabetic together 16.2 %. (MOH, 

2014).  



2 
 

the significant morbidity associated with diabetes arises from micro vascular 

complications, increased risk of macro vascular complications (ischemic heart 

disease, stroke, and peripheral. vascular disease), and diminished quality of life 

(Badran and Laher, 2012). 

A relationship between Lp (a) and the risk of CVD especially among individuals 

with elevated LDL cholesterol level was discovered in 1999 (Kronenberg et al., 

1999). Lp(a) is particularly atherothrombotic in those with high LDL cholesterol 

level (Nordestgaard et al., 2010). A function within the coagulation system 

seems reasonable, given the aspect of the high homology between Lp(a) and 

plasminogen, the inhibition of plasminogen activation by Lp(a) has also been 

assumed  to contribute to the development of vascular lesions by inhibiting 

fibrinolysis (Ichikawa et al., 2002). 

1.2 Aim of the study 

To assess apolipoprotein (a) as a predictor of cardiovascular diseases among 

type 2 Diabetic Mellitus patients in Gaza Strip. 

1.3  Specific objectives 

1. To determine apolipoprotein (a) level among cases and control. 

2. To measure lipid profile (Triglycerides, cholesterol, high-density 

lipoprotein (HDL), low-density lipoprotein (LDL) among cases and 

control. 

3. To measure the level of FBS, creatin kinase (CPK), aspartate 

aminotransferase (AST), lactate dehydrogenase (LDH) among cases and 

control. 

4. To determine the quantity of high sensitive C-reactive protein (hs.CRP) 

among cases and control.  

5. To correlate lipoprotein (a) with different to study parameter.  
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1.4 Significance of study 

Type 2 diabetes mellitus have a considerably higher risk of cardiovascular 

morbidity and mortality. Most of this excess risk is it associated with factors 

such as hypertension, dyslipidaemia in these patients. However about 27% in 

Palestine (Ministry of Health, 2014).   Assessment and management of patients 

at high risk of diabetes can enhance early prognoses of future CVD 

complications and is of a vital concern globally. Understanding the status of 

Lp(a) among T2DM patients could provide clear picture of the main 

complications of this disease and enable us to guide policy makers to put new 

strategies to avoid these complications.  No previous study investigated the role 

of Lp(a) and the hs.CRP  among T2DM in Palestine as a high risk group of 

developing CVD was made. 
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2 Literature Review 

2.1 Cardiovascular disease (CVD) 

CVD is a general term that describes disease of the heart or blood vessels, blood 

flow to the heart, brain or body can be reduced as the result of a blood clot 

(thrombosis), or by a build-up of fatty deposits inside an artery that cause the 

artery to harden and narrow (atherosclerosis) (Whelton et al., 2012). 

 Diabetes is closely associated with cardiovascular disease and therefore an 

increased risk of heart attack, stroke and amputation of the lower limbs. Indeed, 

heart attack and stroke are the major causes of premature death in people with 

diabetes  (Odunaiya et al., 2014). 

There are many cardiovascular diseases involving the blood vessels. They are 

known as vascular diseases 

2.1.1  Coronary artery disease (CAD) 

Ischemic heart disease (IHD)  is also known as atherosclerotic heart disease, 

atherosclerotic cardiovascular disease and coronary heart disease, is a group of 

diseases that includes: stable angina and unstable angina, myocardial infarction, 

and sudden coronary death (Wong, 2014). Risk factors for CAD include: high 

blood pressure, smoking, diabetes, lack of exercise, obesity, high blood 

cholesterol and  poor diet, among others, other risks include depression. The 

underlying mechanism involves atherosclerosis of the arteries of the heart  

(Charlson et al., 2013). 

An elevated blood concentration of  lipoproteins, of which (LDL) is the most 

predominant form, can be a sufficient cause of atherosclerosis, such as in 

familial hypercholesterolemia (FH) and other genetic hyperlipidemias 

(monogenic disease) (Whelton et al., 2012). Smoking, hypertension, diabetes 

mellitus, and a complex genetic susceptibility increased the risk factor of  CVD 

(Bentzon et al., 2014). 

http://www.nhs.uk/conditions/Embolism/Pages/Introduction.aspx
http://www.nhs.uk/conditions/Atherosclerosis/Pages/Introduction.aspx
https://en.wikipedia.org/wiki/Vascular_disease
https://en.wikipedia.org/wiki/Stable_angina
https://en.wikipedia.org/wiki/Unstable_angina
https://en.wikipedia.org/wiki/Myocardial_infarction
https://en.wikipedia.org/wiki/Sudden_coronary_death
https://en.wikipedia.org/wiki/Hypertension
https://en.wikipedia.org/wiki/Hypertension
https://en.wikipedia.org/wiki/Tobacco_smoking
https://en.wikipedia.org/wiki/Diabetes_mellitus
https://en.wikipedia.org/wiki/Obesity
https://en.wikipedia.org/wiki/Hypercholesterolaemia
https://en.wikipedia.org/wiki/Hypercholesterolaemia
https://en.wikipedia.org/wiki/Major_depressive_disorder
https://en.wikipedia.org/wiki/Atherosclerosis
https://en.wikipedia.org/wiki/Coronary_circulation
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2.1.2 Risk factors 

The most common risk factors of CVD include smoking, family history, 

hypertension, obesity, diabetes, lack of exercise, stress, high blood lipids and 

High levels of Lp(a) (Kenet et al., 2010). Increased Lp(a) levels related to the 

risk of CVD (Tsimikas and Hall, 2012). Risk factors can be classified as: fixed 

factor (such as age, sex, family history) and modifiable (such as smoking, 

hypertension, diabetes mellitus, obesity, etc (Kivimäki et al., 2012). 

Elevated Lp(a) levels are an independent risk factor for premature CAD. The 

mechanism for atherogenic action of Lp(a) it interferes with fibrinolysis and 

promotes smooth muscle proliferation and binding of proteoglycan to arterial 

wall. Lp(a) level and Apo(a) isoforms are the important markers for CAD 

(Jacobson, 2013). 

2.2  Diabetes Mellitus 

Diabetes mellitus (DM), is a metabolic disorder characterized by chronic 

hyperglycemia with disturbances of carbohydrate, fat and protein metabolism 

resulting from defects in insulin secretion, insulin action, or both (American 

diabetic Association, 2014).  (Association, 2014).  

Diabetes mellitus is a major public health problem (Kitabchi et al., 2009). It is 

the leading cause of adult blindness and amputation, and a major cause of heart 

attacks and stroke. The global burden of diabetes mellitus is being increased 

(Kitabchi et al., 2009). 

2.3  Types of Diabetes Mellitus 

There are several different types of diabetes mellitus; they may differ in cause, 

clinical cause, and treatment. The major classifications of diabetes are: 

 Type I: Insulin-dependent diabetes mellitus (IDDM) 

 Type II: Non-insulin-dependent diabetes mellitus (NIDDM) 

 Diabetes mellitus associated with other conditions or syndromes 

 Gestational Diabetes Mellitus (GDM) 

https://en.wikipedia.org/wiki/Smoking
https://en.wikipedia.org/wiki/Family_history_%28medicine%29
https://en.wikipedia.org/wiki/Hypertension
https://en.wikipedia.org/wiki/Obesity
https://en.wikipedia.org/wiki/Diabetes
https://en.wikipedia.org/wiki/Hyperlipidemia
https://en.wikipedia.org/wiki/Lipoprotein%28a%29
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Approximately 5-10% of people with diabetes have type I and 90-95% have 

type II diabetes (Association, 2014). 

2.3.1 Type 1 Diabetes (T1DM) 

Type I: Insulin-dependent diabetes mellitus (IDDM); in which insulin hormone 

is completely or almost completely absent from the islets of Langerhans and the 

plasma. IDDM is usually develops before age 40, although it can occur at any 

age (Atkinson et al., 2014). IDDM is characterized by loss of β cells (probably 

by autoimmune disease) with eventual absence of insulin in the circulation. 

Consequently, it is also called juvenile diabetes and ketosis-prone diabetes 

(Balasubramanyam et al., 2013). IDDM is not associated with obesity and 

commonly complicated by ketosis, acidosis and even coma (Castaneda et al., 

2012) . In this form of diabetes, insulin injections are needed to control the 

blood levels (Peters and Laffel, 2011).  

2.3.2 Type II: Non-insulin-dependent diabetes mellitus (NIDDM) 

In which insulin hormone is often present in plasma at near-normal or even 

above normal levels, and thereby often does not require administration of insulin 

which accounts for 90–95% of those with diabetes NIDDM usually develops 

after age 40 and it is also called maturity-onset diabetes and ketosis-resistant 

diabetes (Mistry and Mulani, 2014). NIDDM results from a decreased 

sensitivity of target cells to insulin (insulin resistance) or from a decreased 

amount of insulin production. Insulin resistance may be due to alterations either 

in the insulin receptors or some intracellular process occurring after receptor 

activation. An insufficient number of insulin receptors per target cell seem to be 

one of the causes of insulin resistance in type 2 diabetes who are overweight 

(Eriksson, 2013). In this form of diabetes, the majority can control blood 

glucose through weight loss if obese. It is first treated with diet and exercise. 
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Oral hypoglycemic agents may improve blood glucose levels if dietary 

modification and exercise are unsuccessful  (Dey and Attele, 2011). 

2.3.3 Diabetes mellitus associated with other conditions: 

It is accompanied by conditions known or suspected to cause the disease such as 

pancreatic disease; hormonal abnormalities and drugs like glucocorticoids and 

estrogen-containing preparations. Depending on the ability of the pancreas to 

produce insulin, the patient may require treatment with oral agents or insulin 

(Ewald et al., 2012). 

Gestational diabetes; occurs in women who did not have diabetes before 

pregnancy. Hyperglycemia develops during pregnancy, usually in the second or 

third trimester, because of the secretion of placental hormones which inhibit the 

action of insulin. Treat with diet and, if needed, insulin to strictly maintained 

normal glucose levels (Gunderson et al., 2015).  It occurs in about 2-5% of all 

pregnancies. After delivery of infant, blood glucose levels in the women with 

gestational diabetes return to normal. However many women, about 30-40%, 

who have had gestational diabetes develop type II diabetes within 10 years 

especially if obese (Control et al., 2011). Certain genetic markers have been 

shown to increase the risk of developing type I diabetes. Type II diabetes is 

strongly familial, but it is only recently that some genes have been consistently 

associated with increased risk for type 2 diabetes in certain populations (Qin et 

al., 2012). Both types of diabetes are complex diseases caused by mutations in 

more than one gene, as well as by environmental factors. Consequently, three 

factors appear to interact to produce insulin deficiency, genetic factors, 

immunological factors and environmental factors (Association, 2014). 

2.4  Apolipoproteins 

Apolipoproteins are group of proteins associated with lipoproteins in different 

proportions and play significant roles in several diseases (Dubé et al., 2012). 

Different types of apolipoproteins, including apolipoproteins A, B, C, D, E, and 
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J. These proteins have varied, but definite roles in normal physiology in our 

body. Moreover, their blood levels have strong association with clinical 

conditions during different diseases and are used as diagnostic and prognostic 

markers and to compute index of risk for some serious disease entities (Irshad 

and Dubey, 2005). 

 

 

 

 

 

 

 

 

 

 

 

2.4.1 Apolipoprotein AI, AII and AIV 

Apolipoprotein A1 (APOA1) is the major protein component of high-density 

lipoprotein (HDL), synthesized primarily in the liver (80%) and small intestine 

(10%).  It plays a key role in reverse cholesterol transport, promoting cholesterol 

efflux from tissues by acting as a cofactor for the lecithin cholesterol 

acyltransferase (LCAT). low HDL cholesterol concentration reflects increased 

susceptibility to cardiovascular diseases, and raising HDL pharmacologically 

remains a proposed strategy to reduce the occurrence of cardiovascular diseases 

(Huang et al., 2014).  

Apo A-II II is a 154 amino acids polypeptide containing two identical 

 

Fig. (2.1) Structural characteristics of apolipoproteins 
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polypeptide chains linked by a disulphide bond. It appears to activate hepatic 

triglyceride lipase (Remaley, 2013). 

Apo A-IV is a 377 amino acids peptide contains present in plasma in various 

isoforms. It is synthesized in the intestine and appears to activate LCAT. 

Patients with liver  cirrhosis  have low levels of Apo A-IV (Halley et al., 2014). 

2.4.2 Apolipoprotein B 

Apo B-100 Apo B-100 produced in liver and present along with the other 

apoproteins in VLDL and LDL variants, while Apo-B-48 is produced in the 

intestine and found in chylomicrons and their remnants. Apo B is necessary for 

the cellular uptake and catabolism of LDL by the LDL receptor. Thus, Apo B is 

critical for the synthesis, transport, and catabolism of TG-rich and cholesterol-

rich lipoproteins in the intestine and liver (Wojczynski et al., 2010). 

2.4.3 Apolipoprotein C-I, C-II and C-III 

Apo C-I  is a small polypeptide of 57 amino acids normally found in plasma and 

responsible for the activation of esterified lecithin cholesterol with an important 

role in the exchange of esterified cholesterol between lipoproteins and in 

removal of cholesterol from tissues. Its main function is inhibition of  

Cholesterylester transfer protein (CETP), probably by altering the electric 

charge of HDL molecules (Pillois et al., 2012). 

Apo C-II is a single chain polypeptide with 73 amino acids. It activates the 

lipoprotein lipase to act as a possible receptor for hepatitis C virus (Ooi et al., 

2012). 

Apo C-III is a small apolipoprotein, synthesized mainly in the liver, which 

circulates in plasma associated with Apo B containing lipoproteins and HDL. 

The prevailing idea about the function of Apo CIII is that it is an antagonist to 

apo CII and apoE, impairing intravascular lipolysis by lipoprotein lipase and 

liver clearance of Apo B lipoproteins. Apo CI inhibits the binding of 

https://en.wikipedia.org/wiki/CETP
https://en.wikipedia.org/wiki/Electric_charge
https://en.wikipedia.org/wiki/Electric_charge
https://en.wikipedia.org/wiki/High_density_lipoprotein
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lipoproteins to the VLDL receptor, apo CII partially inhibits binding of Apo B 

to the LDL receptor, and apo E is a major ligand for the LDL receptor 

promoting hepatic removal of lipoproteins (Wojczynski et al., 2010). 

2.4.4 Apolipoprotein D 

Apo D has a molecular weight of about 33,000. Its gene is located on 

chromosomes 3. It has no structural similarity to other apoproteins and is present 

in the blood, intestine, liver and brain. In plasma, it is found mainly in HDL, in 

association with LCAT and Apo A-I. It is a member of lipocalins superfamily of 

proteins that are involved in transport of small hydrophobic ligands. It has been 

viewed as a marker for diagnosis of female breast cancer, gynecomastia, 

prostate cancer, malignant melanoma, schizophrenia and also Alzheimer’s 

disease (Braesch-Andersen et al., 2014). 

2.4.5 Apolipoprotein E 

 Apo E is a class of apolipoprotein found in the chylomicron and IDLs and 

conceded as essential for the normal catabolism of triglyceride-rich lipoprotein 

constituents. Apo E is primarily produced by the liver and macrophages, and 

mediates cholesterol metabolism in an isoform-dependent manner. In the central 

nervous system, Apo E transports cholesterol to neurons via Apo E receptors, 

which are members of the LDL  receptor gene family. This protein is involved 

in Alzheimer’s disease and cardiovascular disease (Liu et al., 2013). 

2.4.6 Apolipoprotein J 

Apo J is glycoprotein circulating as disulphide linked heterodimer component 

of lipid poor HDL and VLDL expressed by diverse epithelial cells. The protein 

is induced in injured organs in various disease states, such as Alzheimer's 

disease, atherosclerosis, myocardial infarction, and multiple forms of acute and 

chronic renal disease. Proposed functions for apo J include lipid transport, 

https://en.wikipedia.org/wiki/Apolipoprotein
https://en.wikipedia.org/wiki/Chylomicron
https://en.wikipedia.org/wiki/Intermediate_density_lipoprotein
https://en.wikipedia.org/wiki/Liver
https://en.wikipedia.org/wiki/Macrophages
https://en.wikipedia.org/wiki/Cholesterol
https://en.wikipedia.org/wiki/Isoform
https://en.wikipedia.org/wiki/Central_nervous_system
https://en.wikipedia.org/wiki/Central_nervous_system
https://en.wikipedia.org/wiki/Cholesterol
https://en.wikipedia.org/wiki/Neurons
https://en.wikipedia.org/wiki/Low_density_lipoprotein_receptor_gene_family
https://en.wikipedia.org/wiki/Alzheimer%E2%80%99s_disease
https://en.wikipedia.org/wiki/Cardiovascular_disease
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complement defense. Apo J can bind a large number of macromolecules 

implicated in disease initiation and progression, including immunoglobulins and 

complement component (Rosenberg et al., 2002). 

2.5 Lipoprotein (a) 

Lipoprotein (a) is produced by liver cells, it was discovered in 1963 by Kåre Berg 

and the human gene encoding Lp(a) was cloned in 1987. Lp(a) has been 

considered as a cardiovascular risk factor for many years. Owing to incomplete 

scientific evidence, pathways for the clearance of this substance are not clearly 

understood, (Gouni-Berthold and K Berthold, 2011) 

Lp(a) is conjunction with a routine lipid profile to provide additional 

information about a person's risk for CVD, it is usually not affected by lifestyle 

changes or by most drugs, it is not the target of therapy, when Lp(a) is high, the 

presence of this added risk factor may suggest the need for more aggressive 

treatment of other, more treatable risk factors such as an elevated low-density 

lipoprotein (LDL) (Malaguarnera et al., 2012) 

 However, during the last few years, major advances have been achieved in 

understanding the causal role of elevated Lp(a) in premature cardiovascular 

disease (Nordestgaard et al., 2010). 

2.5.1 Lp(a) Structure   

The particle of Lp(a), is a spherical macromolecular complex with a diameter of 

approximately 25 nm and density ranging from 1.05 to 1.12 g/mL (Maranhão et 

al., 2014). The Lp(a)  consists of a LDL lipid core with apolipoprotein B 

attached by a disulfide bond to apolipoprotein (a) Fig. (2.2). Lp(a) contains 

cysteine rich domains known as "kringles (KIV–1–10) that have a high 

homology to K4 of plasminogen, one KV kringle is simillar to K5 of 

plasminogen, and a proteolytic–like domain. KIV– 2 is present in 2–50 copies, 

https://en.wikipedia.org/wiki/K%C3%A5re_Berg
https://en.wikipedia.org/wiki/Gene
https://labtestsonline.org/understanding/analytes/lipid/
https://labtestsonline.org/understanding/analytes/ldl/
https://labtestsonline.org/understanding/analytes/ldl/
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imparting extreme heterogeneity to Lp(a). K4 and K5 domains of plasminogen 

bind to C-terminal lysines of cell surface proteins and extracellular matrix 

proteins. Lp(a) has a strong lysine binding site in KIV–10 and weak LBSs in 

KIV–5–8 (Scipione et al., 2014). Due to structural similarity to plasminogen, 

Lp(a) interferes with fibrinolysis by competing with plasminogen binding to 

molecules and cells. This impairs plasminogen activation, plasmin generation, 

and fibrinolysis lead to thrombosis. Lp(a) also binds to macrophages via a high-

affinity receptor that promotes foam cell formation and the deposition of 

cholesterol in atherosclerotic plaques (Gouni-Berthold and K Berthold, 2011). 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.5.2 Lipoprotein (a) synthesis and pathology  

Lipoprotein (a) is synthesized in the liver and its plasma.  Lp(a) levels over 20-

30 mg/dL are associated with a two-fold risk of developing coronary artery 

disease (Ehnholm et al., 2013).  Lipoprotein (a) homology with plasminogen 

might lead to interference with the fibrinolytic cascade, accounting for an 

Fig. (2.2) lipoprotein (a) structure 
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atherogenic mechanism of that lipoprotein, the metabolism in the kidney  and 

the half-life of Lp(a) in the circulation is about 3 to 4 days (Raal et al., 2014). 

Elevated level of Lp(a) is an independent risk factor for cardiovascular diseases. 

Lp(a) have both prothrombotic and antithrombotic properties, as well as 

atherothrombotic properties. The mechanistic of Lp(a) function have properties 

of both LDL and apo(a). The one is that Lp(a) may inhibit and interfere with Plg 

activation, receptor binding, or proteolysis. Another hypothesis is that Lp(a) 

binds to Plg receptors and deposits LDL in the vessel wall at unique sites 

(Ehnholm et al., 2013). 

2.5.3 Lipoprotein (a) and medical disease 

 Cardiovascular diseases  

Coronary artery disease (CAD) is one of the most common diseases 

associated with dyslipidemia and dyslipoprotenemia. Elevated Lp(a) levels 

are an independent risk factor for premature CAD. The mechanism for 

atherogenic action of Lp(a) it interferes with fibrinolysis and promotes 

smooth muscle proliferation and binding of proteoglycan to arterial wall. 

Lp(a) level and Apo(a) isoforms are the important markers for 

CAD(Jacobson, 2013). 

 Renal disease  

Lipoprotein(a) is a cholesterol-rich particle existing in human plasma, it  

made up of a low-density lipoprotein (LDL) cholesterol particle attached to 

Lp(a)  (Uhlig et al., 2005). hyperlipidemia is high in chronic kidney disease, 

there is correlation between increased Lp(a) levels and plaque score 

in  chronic kidney disease patients (Mannangi and Jayasree, 2014).  

 Cancer 

Lp(a) was also associated with the suppression of colorectal cancer.(Uccello 

et al., 2011) 

 Endocrinological disorder  
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The plasma Lp(a) levels increase in hypothyroid patients due to impaired 

catabolism of Lp(a). There is moderate effect of thyroid hormone level on 

metabolism of Lp(a) (Milionis et al., 2003). 

 Transplantation 

In patients undergoing liver transplantation for end-stage liver disease, 

Lp(a)levels in serum were reported to reach normal value within 2 weeks of 

transplantation, suggesting that the low levels of Lp(a) observed in severe 

liver diseases become normal after liver transplant .(Irshad and Dubey, 2005) 

2.5.4 Lipoprotein(a) medical treatment  

Lp(a), is a major independent risk factor for cardiovascular disease. The 

optimum laboratory level should be under 20 mg/dl and preferrably under 14 

mg/dl.Currently, there are no medications or drugs that can effectively lower 

Lp(a). A high Lp(a) is genetically linked (Parhofer, 2011). 

The best treatment to help with elevated Lp(a) is fish or squid oil (1 or 2 g daily) 

and either one of two natural clot-busting enzyme supplements (Parhofer, 2011). 

Lowering your LDL levels, that’s because Lp(a) is carried on the LDL particle 

(Norata et al., 2013). Niacin therapy can reduce lipoprotein(a) levels by 20-30% 

(Boden et al., 2013).  Aspirin may be beneficial, as well, atorvastatin may also 

lower Lp(a) levels (Takagi and Umemoto, 2012). Vitamin C, L-lysine, and L-

proline, are the basic building blocks of collagen. When these vitamins enter our 

bodies, they form collagen in large amounts. This is necessary, as collagen must 

be replenished in blood vessels to remain healthy and plaque free over periods 

of time (Juraschek et al., 2012).  This mega vitamin cocktail therapy will 

increase blood concentrations of important substances and focuses on:  

 Strengthening and heal blood vessels  

 Lower Lp(a) blood levels  

Inhibit the binding of Lp(a) molecules to the walls of blood vessels (Juraschek et 

al., 2012). 

https://en.wikipedia.org/wiki/Lipoprotein%28a%29
https://www.drlam.com/articles/1999-No5-NewMarkersofCardiovasularDisease.asp
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3 Materials and Methods 

3.1 Study design 

The present study is a case control. 

3.2  Study population 

The study population is comprised of three groups, the first group is composed 

of 100 of T2DM patients aged > 40 years old who are diagnosed with 

cardiovascular diseases, the second group composed of 100 T2DM patients who 

are not diagnosed with cardiovascular diseases and the third group composed of 

a matched age healthy individuals as a normal control.  

3.2.1 Sample size:  

According to previous studies, the prevalence of diabetes was 15.2 %. The 

sample size of the study is calculated using WHO/WFP/UNHCR/IFRC formula 

with 95% confidence interval, 3% margin of error and 10 % prevalence of 

diabetes and based on studies that carried out in Palestine. It will be 100 T2DM 

patient with and without heart disease and another 100 samples of age-matched 

control. 

3.2.2 Distribution of sample 

The study was conducted in the main general hospitals in Gaza strip including 

Al-Shifa hospital in Gaza, Nasser in Khanyounis and European Gaza hospital 

and Al-Aqsa hospital in Deer Al Balah. 

3.3  Inclusion criteria  

T2DM Patients with or without heart disease were included. 

3.3.1 Exclusion criteria 

 Type 1 Diabetes mellitus patients 



16 
 

 Patients with liver diseases. 

 Patient with kidney failure.  

 Pregnant women.  

3.4 Period of the study  

The study was carried out during the period from March to December 2015.    

3.5 Tools of study  

Questioner interview were applied by the researcher and the results were 

obtained through blood sample analysis. 

3.6 Pilot study  

Pilot study was performed used using 10 questionnaire and blood samples for 

control and patients to check any difficulties with study population and the 

efficacy of the reagents  

3.6.1 Questionnaire 

 The researcher used questionnaire tools to collect data from the patients treated 

in the major hospitals in Gaza strip The questionnaires were judged by 

specialists in the fields of biological sciences (Annexes 1 and 2).  A 

questionnaire was piloted with 10 people not included in the real sample of the 

study, and modified as necessary. All interviews with the various respondents 

were carried out face to face by the researcher. Most questions were one of two 

types: the yes/no question, which offers a dichotomous choice. 

3.7  Blood sampling and processing  

Five ml of fasting (8–12 hours) blood samples were collected from each 

participant, 3ml of the blood collected in a plain tube, and 2 ml in   EDTA tube. 

The blood samples were left to clot and then clear serum and plasma samples 
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were obtained by centrifugation at 2500 rpm for 15 min, and frozen at -20 
ο
C 

until determination of the Biochemical parameters. 

 Lp(a)  and high sensitive CRP, (hs.CRP) .Glucose, creatine kinase 

(CPK), aspartate aminotransferase (AST), lactate dehydrogenase (LDH), 

cholesterol, Triglycerides (T.G), high density lipoprotein (HDL-C) and 

low density lipoprotein (LDL) was calculated using the empirical 

relationship  of Friedewald.  

 

3.8  Materials 

Table (3.1) list of tests parameter and manufacturers 

Test parameter Manufacturer 

Glucose Diasys, Germany 

Aspartate transaminase Diasys, Germany 

Lactate dehydrogenase Diasys, Germany 

Creatinine kinase (CPK) Diasys, Germany 

Total Cholesterol Diasys, Germany 

Total Triglycerides Diasys, Germany 

HDL-C Diasys, Germany 

Apolipoprotein (a)   Diasys, Germany 

hs. CRP Diasys, Germany 

Quality control 

Normal control (Chemistry) TruLabN, Germany 

Abnormal control (Chemistry) TruLabN , Germany 

Apolipoprotein (a)    Control level 1 Diasys, Germany 

Apolipoprotein (a)     Control level 2 Diasys, Germany 

Apolipoprotein (a)   calibrator Diasys, Germany 

hs. CRP Control level 1 Diasys, Germany 

hs. CRP Control level 2 Diasys, Germany 

hs. CRP calibrator Diasys, Germany 
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3.9  Equipment's 

  
Table (3.2) The main equipment's used in the present study. 

Equipment name Manufacturer 

Chemistry auto-analyzer  Diasys response 910 , Germany 

Spectrophotometer(semi-analyzer) Mindray BA-88 ,china  

Centrifuge K PLC 012H Germany 

Water Bath Memmetr , Germany 

Vortex Mixer VM-300 , USA 

 

3.10 Data analysis 

Collected data was tabulated, summarized, and analyzed using Statistical 

Package for Social Sciences (SPSS) software version 20. 

Clinical data were expressed as mean±SD and difference between groups 

analyzed by t-tests for continuous variable and chi square. Association between 

continuous variables were assessed with person correlation coefficient and 

between categorical variable by chi-square for trend. The results were presented 

through histogram, tables and charts. Statistical significance was set at P-values 

< 0.05. Frequencies, Percentage, cross tabulation and range as minimum and 

maximum value were applied. 

3.11 Methods 

3.11.1 Physiological and biochemical parameters. 

All tests were measured from serum and plasma samples using enzymatic, 

turbidimetric and colorimetric methods. 

3.11.2 Determination of serum glucose 

Method 

Serum glucose was quantitatively determined by enzymatic colorimetric method 

using Diasys diagnostics system international kit (Barham and Trinder, 1972). 
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Principle  

Glucose is oxidized by glucose oxidase (GOD) into gluconic acid and hydrogen 

peroxide. In presence of peroxidase (POD), hydrogen peroxides reacts with 

phenol and 4-aminoantipirine to form Quinoneimine, whose intensity at 500 nm 

is proportional to the glucose concentration in the sample. 

 

Glucose + O2                Gluconic acid + H2O2 

 2H2O2 + 4-Aminoantipyrine Phenol                     Quinoneimine + 4H2O 

 

 

 Reagent Concentration 

R1 

Phosphate buffer pH 7.5  250 mmol/l 

Phenol  5 mmol/l 

4-Aminoantipyrine  0.5 mmol/l 

Glucose oxidase (GOD)  ≥ 15 kU/l 

Peroxidase (POD ≥ 1 kU/l 

 Standard 100 mg/dl 

 

Assay Procedure 

 10 µl of standard (sample or calibrator) was added to 1 ml of the reagent 

and mixed well. 

 The mixture was incubated for 10 min at 37 ºC.  

 The absorbance was measured within 60 min against reagent blank.  

Calculation 

 Glucose (mg/dl) = ∆A sample X concentration of standard 

 

Reference Range - Fasting 

Child   74 – 127 mg/dl 

Adult years  70 – 106 mg/dl 

GOD 

POD 

∆A standard 
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3.11.3 Determination of serum total cholesterol (TC)       

Serum total cholesterol was quantitatively determined by enzymatic colorimetric 

method using Diasys diagnostics system international kit(Richmond, 1973). 

Principle 

Determination of cholesterol after enzymatic hydrolysis and oxidation. The 

colorimetric indicator is quinoneimine which is generated from 4-

aminoantipyrine and phenol by hydrogen peroxide under the catalytic action of 

peroxidase. The measurement is based on the following enzymatic reactions: 

 

Cholesterol ester + H2O               cholesterol + fatty acid 

 

Cholesterol + O2                 cholesterol-3-one + H2O2 

 

H2O2 + 4- aminoantipyrine + Phenol                  Quinoneimine + 4 H2O 

 

 Reagent Concentration 

R1 

Buffer (pH 6.7) 50 mmol/ 

Phenol 5 mmol/l 

4- Aminoantipyrine 0.3 mmol/l 

Cholesterol esterase (CHE) ≥ 200 u/l 

Cholesterol oxidase (CHO) ≥ 100 u/l 

Peroxidase (POD) ≥ 3 ku/l 

 Standard 200 mg 

 

Assay Procedure 

• Ten μl of standard (sample or calibrator) was added to 1ml of working 

reagent and mixed well. 

• The mixture was incubated for 5 min at 37 ºC.  

•The absorbance was measured within 60 min against reagent blank.            

 

CHO 

POD 

CHE 
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Calculation   

Cholesterol (mg/dl) = ∆A sample X concentration of standard 

 

Reference values. 

Desirable ≤ 200 m 

Borderline high risk 200 – 240 mg/dL  

High risk > 240 mg/dL  

3.11.4 Determination of serum Triglycerides (TG) 

 

Method 

Serum triglycerides was quantitatively determined by enzymatic colorimetric 

method using Diasys diagnostics system international kit (Cole et al., 2000). 
 

Principle  

Determination of triglycerides after enzymatic splitting with lipoprotein lipase. 

Indicator is quinoneimine which is generated from 4-aminoantipyrine and 4-

chlorophenol by hydrogen peroxide under the catalytic action of peroxidase.  

 

Triglycerides                 Glycerol + fatty acid 

  

Glycerol + ATP                 Glycerol-3-phosphate + ADP  

 

Glycerol-3-phosphate    + O2                Dihydroxyaceton phosphate + H2O2  

 

2H2O2 + Aminoantipyrine + 4-Chlorophenol           Quinoneimine + HCI + 4H2O 

 

 

 

 

∆A standard 

LPL 

GPO 

     POD 

GK 
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 Reagent  Concentration 

R1 

Cood's buffer (pH 7.2) 50 mmol/l 

4-Chlorophenol 4 mmol/l 

ATP 2 mmol/l 

Mg
2+

 15 mmol/l 

Glycerokinase (GK) ≥ 0.4 KU/I 

Peroxidase (POD) ≥ 2 KU/I 

Lipoprotein lipase (LPL) ≥ 2 KU/I 

4-Aminoantipyrine 0.5 mmol/l 

Glycerol-3-phosphate-oxidase (GPO) ≥ 0.5 KU/I 

 Standard 200 mg/d 

 

Assay procedure 

 Ten μl of standard (sample or calibrator) was added to 1ml of 

working reagent and mixed well. 

 • The mixture was incubated for 5 min at 37 ºC.  

 • The absorbance was measured within 60 min against reagent blank. 

Calculation 

Triglycerides (mg/dl) = ∆A sample X concentration of standard 

 

Reference Value 

Male Adult          40 - 160 mg/dl 

Female Adult      35 - 135 mg/dl  

High risk                 > 400 mg/dl 

3.11.5 Determination of high density lipoprotein cholesterol (HDL-C)  

Immunoterbidty diagnostic reagent for quantitative in vitro determination of 

high density lipoprotein cholesterol (HDL-C) in serum DiaSys respons 910 

(Bachorik, 2000).  

∆A standard 
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HDL-C Immuno FS is a homogeneous method for HDL-cholesterol 

measurement without centrifugation steps. Antibodies against human 

lipoproteins are used to form antigen-antibody complexes with LDL, VLDL and 

chylomicrons in a way that only HDL-cholesterol is selectively determined by 

an enzymatic cholesterol measurement. 

 

 Principle 

 

LDL, VLDL, Chylomicrons                         Antigen-antibody complexes + HDL 

HDL-cholesterol + H2O+ O2                   cholesterol-3-one + fatty acid +H2O2   

H2O2+ F-DAOS + 4-Aminoantipyrine                   Blue complex + H2O 

 

 Reagents Concentration  

R1 

Good’s buffer vPH 7.0 25mmol/L 

     4-Aminoantipyrine 0.75mmol/L 

      Peroxidase 2000 U/L 

     Ascorbate oxidase 

    Anti-human-lipoprotein 

      Antibody (sheep) 

2250 U/L 

 

R 

2 

Good’s buffer vPH 7.0 30 mmol/L 

Cholesterol esterase 

Cholesterol oxidase 

 

4000 U/L  

N-Ethyl-N-(2-hydroxy-3-

sulfopropyl)-3,5-dimethoxy-4-

fluoroaniline,sodium salt (F-DAOS) 

20000 U/L 

0.8mmol/L 

sodium salt  

 

 

 

Anti-human-lipoprotein 

antibodies 

 

CHE & CHO 

POD 
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Assay Procedure 

Measurement  

2.4 μl of standard (sample or calibrator ) was added to 240μl of reagent (1), after 

mixing and incubating at 37 ºC for 5 min, Read absorbance A1 then add reagent 

60 μl of (2). Read absorbance A2. The absorbance was measured within 45 min 

against reagent blank.   

Calculation 

∆A= (A2-A1) sample or calibrator  

 HDL = ∆A sample X concentration of calibrator 

 

Reference Value 

High risk of CHD ≤ 35 mg/dl 

3.11.6 Determination of serum low density lipoprotein cholesterol (LDL-C) 

LDL-C can be calculated using the empirical relationship of Friedewald  

Principle (Friedewald et al., 1972)               

LDL-C is most commonly estimated from quantitative measurements of total 

and HDL-C and plasma triglycerides (TG) using the empirical relationship of 

Friedewald. 

 

Equation  

                              LDL-C = Total Cholesterol - HDL-C - TG/5  

 

Reference value  

Desirable: 130 mg/dl 

Borderline high risk: 130 –160 mg/dl 

High risk:  > 160 mg/dL 

∆A calibrator 
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3.11.7  Determination of serum aspartate aminotransferase (AST) 

Method 

Serum AST activity is measured by using optimized ultraviolet-test according to 

International Federation of Clinical Chemistry and Laboratory Medicine (Huang 

et al., 2006), using DiaSys reagent kit. 

 

Principle 

AST was transferred an amino acid from aspartate to 2-oxoglutarate and form 

oxaloacetate which reduced to malate and NADH was oxidized to NAD+ in 

presence of malate dehydrogenase. Addition of pyridoxal-5-phosphate (P-5-P) 

stabilizes the transaminases and avoids falsely low values in samples containing 

insufficient endogenous P-5-P, e.g. from patients with myocardial infarction, 

liver disease and intensive care patients. 

 

L-Aspartate+2-Oxoglutarate                        L-Glutamate +  Oxalacetate 

 

Oxalacetate + NADH
+
H +                              L-Malate+NAD

+
  

 

 Reagents Concentration  

R1 

TRIS pH 7.65 110 mmol/L 

L-Aspartate 320 mmol/L 

MDH (malate dehydrogenase ≥ 800 U/L 

LDH (lactate dehydrogenase) ≥ 1200 U/L 

R2 

2-Oxoglutarate 65 mmol/L 

NADH 1 mmol/L 

Pyridoxal-5-phosphate FS  

Good‘s buffer pH 9.6 100 mmol/L 

 Pyridoxal-5-phosphate 13 mmol/L 

 

ASAT 

MAD 
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Reagent Preparation 

Mix 4 parts of R1 + 1 part of R2 (e.g. 20 mL R1 + 5 mL R2) = mono-reagent 

Stability: 4 weeks at 2 – 8 °C, 5 days at 15 – 25 °C, the mono-reagent must be 

protected from light. 

 

Assay Procedure 

After mixing and incubating 100 μl (calibrator/sample) with one ml of mono-

reagent at test temperature for 1 min. Initial absorbance (A1) was read and 

reading was repeated at constant intervals of 1 minute, for 3 minutes. at 

wavelength 340 nm. 

 

Calculation 

From absorbance readings calculate ∆A/min and multiply by the corresponding 

factor from below: 

A/min x factor = AST activity [U/L] Factor 1745 

 

Reference value 

Adult < 35 U/L 

3.11.8 Determination of serum lactate dehydrogenase )LDH  (  

Determination of lactate dehydrogenase (LDH) in serum on DiaSys reagent 

(Kricka, 2000).  

Level LDH was determined by kinetic method (Optimized UV test) . 

Principle 

The enzyme LDH converted pyruvate to lactate while oxidized NADH to 

NAD+. The reaction was monitored kinetically at 340 nm by the rate of 

decrease in absorbance resulting from the oxidation of NADH to NAD+ 

proportional to the activity of LDH  
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Principle  

L-Lactate + NAD
+
                     Pyruvate  + NADH

+
 

 

 

 Reagents Concentration  

R1 N-Methyl-D-Glucamine pH 9.5 1.10 mol/L 

 L-Lactate 180 mmol/L 

R2 NAD+ pH 4.5 200 mmol/L 

  

Reagent Preparation 

Mix 4 parts of R1 + 1 part of R2 (e.g. 20 mL R1 + 5 mL R2) = mono-reagent 

 

Assay Procedure 

After mixing and incubating ten μl of (calibrator/sample) with one ml of mono-

reagent at test temperature for 1 min. Initial absorbance (A1) was read and 

reading was repeated at constant intervals of 1 minute, for 3 minutes, at 

wavelength 340 nm. Against air  

 

Calculation 

From absorbance readings calculate ∆A/min and multiply by the corresponding 

factor from below: 

∆A/min x factor = LDH activity [U/L] Factor 16030 

 

Reference value 

Adult < 480 U/L 

3.11.9 Determination of serum CPK 

determination of Creatine phosphokinase (CPK) in serum br DiaSys reagnte was 

determined by kinetic method optimized UV-test (Bishop, 2010) 

 

https://www.nlm.nih.gov/medlineplus/ency/article/003503.htm
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Principle 

CPK was catalysed the reversible transfer of phosphate from adenosine 

triphosphate (ATP) to creatine then using ATP to form glucose-6-phosphate in 

presence hexokinase (HK). Glucose-6-phosphate was reacted with NADP+ in 

presence of glucose-6-phosphate dehydrogenase and rate of formation NADPH 

was measured at 340 nm, the amount of NADPH produced is proportional to the 

CPK activity present in the serum sample. 

 

Creatine phosphate + ADP                        Creatine+ATP 

 

Glucose + ATP                   Glucose-6-phosphate + ADP 

 

Glucose-6-phosphate + NADP
+
                  Glucose-6-phosphate + NADPH + H

+
      

       

 Reagents Concentration  

R1  

Imidazole pH 6.5 60 mmol/L 

Glucose 27 mmol/L 

N-Acetylcysteine (NAC) 27 mmol/L 

Magnesium acetate 14 mmol/L 

EDTA-Na+2 2 mmol/L 

NADP 2.7 mmol/L 

Hexokinase 5 kU/L 

R2  

Imidazole 160 mmol/L 

ADP 11 mmol/L 

AMP 28 mmol/L 

Diadenosine pentaphosphate 55 mmol/L 

Glucose-6-phosphate dehydrogenase (G6P-DH) 14 kU/L 

EDTA-Na+2 2 mmol/L 

Creatine phosphate 160 mmol/L 

 

CK 

HK 

G6P-DH 
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Assay Procedure 

Measurement: Against reagent blank (40 μl of distilled water and 1 ml mono-

reagent). 

 

Reagent Preparation 

Mix 4 parts of R1 + 1 part of R2 (e.g. 20 mL R1 + 5 mL R2) = mono-reagent 

Stability: 3 weeks at 2 – 8 °C 

2 days at 15 – 25 °C 

After mixing and incubating forty μl (calibrator /sample) with one ml of mono-

reagent at test temperature for 1 min. Initial absorbance (A1) was read and 

reading was repeated at constant intervals of 1 minute, for 3 minutes.at 340 nm 

against reagent blank. 

 

Calculation 

From absorbance readings calculate ∆A/min and multiply by the corresponding 

factor from below: 

∆A/min x factor = CPK activity [U/L]  

Factor 4127 

 

Reference value 

 Adult < 190 U/L 

3.11.10 Determination of plasma apolipoprotein (a)  

Plasma Lp(a) level was determination by Immunoturbidimetric assay by DiaSys 

respons 910 (Nordestgaard et al., 2010). 
 

Principle 

Determination of the Lp(a) concentration by photometric measurement of 

antigen-antibody-reaction between antibodies against Lp(a) bound to particles 

and Lp(a) present in the sample.  
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 Reagents Concentration  

R1 Buffer   Glycine <1.5% 

R2 

Glycine 

Latex particles coated with anti-human 

lipoprotein (a) antibody (rabbit) 

<1.5% 

 

 

Procedure 

15 μl of standard (sample or calibrator) was added to 120 μl of reagent (1), after 

mixing and incubating at 37 ºC for 3- 5 min, Read absorbance A1 within 30 sec, 

then add 60 μL of reagent (2). Read absorbance A2 at 700 nm. Against reagent 

blank. 

 

Calculation 

∆A = (A2 – A1) sample/calibrator 

 

Reference Range 

< 30 mg/dL 

3.11.11 Determination of high sensitive C-reactive protein hs.CRP 

high sensitive C-reactive protein was determination by Immunoturbidimetric 

assay by DiaSys reagent. (Epstein et al., 1999) 

 

Principle 

Fixed time determination of the concentration of CRP by photometric 

measurement of antigen-antibody reaction of antibodies to human CRP bound to 

polystyrene particles with CRP present in the sample. 

 

 

 



31 
 

 Reagent Concentrations 

R1  
HEPES pH 7.2  

Polyethylenglycol (PEG), NaCl 
10 mmol/L 

R2 

 

Borate buffer Polyclonal (goat) and 

monoclonal (mouse) anti-human CRP 

antibodies bound to carboxylated 

polystyrene particles 

Polyethylenglycol (PEG), NaCl, 

detergents and stabilizers 

4.6 mmol/L 

 

 

 

Procedure 

15 μl of standard (sample or calibrator) was added to 150 μl of reagent (1), after 

mixing and incubating at 37 ºC for 3- 5 min, Read absorbance A1 within 30 sec, 

then add 150 μl of reagent (2). Read absorbance A2 at 800 / 505nm bichromatic 

Measurement two Point Test (Fixed Time Kinetics). 

 

Calculation 

∆A = (A2 – A1) sample/calibrator 

 

Reference Range 

Adult’s < 5 mg/L 
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4 Results 

4.1 General Characteristics of the study population 

4.1.1 Distribution of the study population according gender  

The study population composed of 300 participants; 100 normal subjects as 

normal control (NC), 100 diagnosed type 2 diabetic patients (T2DM), and 100 

T2DM diagnosed with cardiovascular disease (T2DM+HD).  Distributed as 56% 

males and 44% females as shown in Table (4.1) and Fig. (4.1) 

 

Table (4.1) The distribution of the study population according to gender 

 Gender Total Chi 

Square 

P value 

Male Female 

Control 
N  66 34 100  

 

 

6.1 

 

 

 

0.049 

%  66% 34.0% 100.0% 

T2DM 
N 50 50 100 

%  50% 50.0% 100.0% 

T2DM+HD 
N 52 48 100 

%  52% 48.0% 100.0% 

Total 
N 168 132 300 

%  56% 44.0% 100.0% 

 

 

Fig. (4.1) The distribution of the study population according to gender 
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4.1.2 The distribution of Lp(a) among gender  

As table (4.2) showed 35 % of female with T2DM+HD have a high Lp(a) 

compared to 30 % male.  

 

Table (4.2) The  distribution of Lp(a) and gender among T2DM+HD 

T2DM+HD 
Lp(a) 

% Total 
Normal high 

sex 
Male 22 30 30 % 52 

Female 13 35 35% 48 

Total 35 65  100 

The normal range of Lpa(a) according  DiaSys reagent < 30 mg/dL 

 

As table (4.3) showed 24 % of female have a high Lp(a) compared to male 27 % 

with T2DM. 

 

Table (4.3) The  distribution of Lp(a) and gender among T2DM 

 

T2DM 

Lp(a) 
% Total 

Normal high 

Sex 
Male 23 27 27% 50 

Female 26 24 24 % 50 

Total 49 51  100 

The normal range of Lpa(a) according  DiaSys reagent < 30 mg/dL 

 

4.1.3 The distribution of the study population according to age 

The distribution of the studied population were distributed according to age as 

shown in Table (4.4) and Fig. (4.2) in which most cases and control (NC)  were 

in the age range of  (53-59) years and chi-square test showed significant 

difference between the ages of the normal control and the cases (χ
2
=39, 

P=0.0001). 
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Table (4.4) The distribution of the study population according to age 

 Age  gropes ( year) Total Chi 

Square 

P  

Value 40-45 46-52 53-59 60-70 

Normal 14 47 31 8 100 39 0.001 

T2DM 11 27 48 14 100 

T2DM+HD 6 29 35 30 100 

Total 31 103 114 52 300 

 
 

 
Fig. (4.2) The distribution of the study population according to age 

 

4.1.4 Distribution of the study population according to treatment area 

The study included patients treated in 4 major hospitals in Gaza strip.  As shown 

in Table (4.5). European Gaza Hospital (EGH), Naser Hospital (N.H) , Al Aqsa 

Hospitals (Aq.H) and Al Shefa Hospital (S.H).  
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Table (4.5) Distribution of the study population according to treatment area 

 

4.2  Questionnaire Analysis  

4.2.1 Smoking  

Table (4.6) and Fig. (4.4) reveals that the majority of the studied population  

were nonsmokers and 42 % of T2DM, 41% of T2DM+HD.  And 41% of  

control were smokers. There is no significant difference between smoking  cases 

and  control respectively (χ
2
=0.27  P=0.986).  

 

Table (4.6) Distribution of the study population with respect to Smoking 

 Smoking 
Total 

Chi 

Square 

P 

value Yes No 

Control 
N 41 59 100 

0.27 0.986 

%  41% 59% 100% 

T2DM 
N 42 58 100 

%  42% 58% 100% 

T2DM+HD 
N 41 59 100 

%  41% 59% 100% 

Total 
N  124 176 300 

%  41.3% 58.7% 100% 

 

 
Diagnosis 

 

Total 

Chi 

Square 

P 

value 

T2DM T2DM+HD Control 

1.0 0.08 

EGH 20 20 20 60 

N.H 20 20 20 60 

Aq.H 25 25 25 75 

S.H 35 35 35 105 

Total 100 100 100 300 
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Fig. (4.3) Distribution of the study population with respect to Smoking 

 

4.2.2 Distribution of educational level of the study population 

As indicated in Table (4.7) and Fig. (4.3),the studied population showed that the 

secondary  school level were  the highest among T2DM  which represented 57% 

of T2DM  and university level, were the highest among T2DM+HD and control; 

there is no significant difference between control and cases respectively (χ
2
=-2.1 

P=0.034) and(χ
2
=-5.1 P=0.5) respectively. 

 
Table (4.7) Distribution of Educational level of the study population 

o 

41% 42% 41% 

59% 58% 59% 

T2DM+HD T2DM CONTROL 

Smoking 

Yes No

 

 

Education Total Chi 

Square 

P value 

Secondary University 

Control 42 58 100 -2.1 

5 

0.034 

0.57 T2DM 57 43 100 

T2DM+HD 46 54 100 

Total 145 155 300 
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Fig. (4.4) Distribution of educational level of the study population 

 

4.2.3 Regular exercise in the study population 

Table (4.8) Revealed the regular exercise in the study population. 19% of T2DM 

has playing regular exercise compared to 7 % of T2DM+HD.  

 

Table (4.8) Regular exercise in the study population 

 plays Exercise %  

Yes No  Total  

T2DM 19 87 100 

19% 87%  

T2DM+HD 7 93 100 

7% 93% 100 % 

 

4.2.4  Duration of diabetic diseases in the study population   

Table (4.9) and Fig. (4.5) showed that most of T2DM (37%) and T2DM+HD 

(41%) were diagnosis in the period of (5-10 years). 

 

 

46% 

57% 

42% 

54% 

43% 

58% 

T2DM+HD T2DM CONTROL 

Education 

Secondary University
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Table (4.9) Duration of diabetic diseases in the study population 

  

 

Fig. (4.5) Duration of diabetic diseases in the study population 
   

 

4.2.5 Medical complication of diagnosed T2DM+HD   

Table (4.10) and Fig. (4.6) showed  that most cases of T2DM+HD (62%) were 

suffering from ischemic  heart disease, and 16% suffering from CVA, 12 % 

suffering from atherosclerosis, while 10% of T2DM+HD suffer from heart 

failure , 

 

 

21 

41 
38 36 37 

27 

0-4 5 -  1 1 11 - 3 0 

N
o

. c
f 

p
ar

ti
ci

p
an

ts
 

T2DM+HD T2DM

 Period of diagnosis Total Chi 

Square 

P 

value 0-4 

years 

5-10 

years 

11-30 

years 

T2DM 
N 36 37 27 100 306 0.001 

% 36% 37% 27% 100 % 

T2DM+HD 
N 21 41 38 100 

% 21% 41% 38% 100% 

Total 
N 57 78 65 200 

% 19% 26% 21.7% 100% 
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Table (4.10) Medical complication of diagnosed T2DM+HD 

 
Type of heart disease 

Chi 

Square 

P 

value 

HF* IHD* AS* CVA* 300 0.001 

T2DM+HD N 10 62 12 16 

% 10% 62% 12% 16% 

Total % 10% 62% 12% 16%   

HF: Heart failure, IHD: ischemic  heart disease ,AS: Atherosclerosis, CVA Cerebrovascular accident  

 

 

Fig. ( 4.6) Medical complication of diagnosed T2DM+HD  

 

4.2.6 Distribution of cases according to type of treatment  

Table (4.11) and Fig. (4.7)  showed that   most T2DM patients (98%) are using 

oral hypoglycemic agents, and (2%) depend on insulin, and (5%) of T2DM+HD 

are dependent on oral hypoglycemic agents and (95%) are insulin dependent. 

 
 

10% 

62% 

12% 16% 

Heart failureIschemic  heartAtherosclerosisCVA

Medical complication of diagnosed T2DM+HD  

http://www.medicinenet.com/script/main/art.asp?articlekey=2677
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Table (4.11) Distribution of cases according to type of treatment 

 Glucose regulation 
Total 

Chi 

Square 

P 

value Insulin  Tablet 

T2DM 
N 2 98 100 

302 0.001 

%  2.0 % 98.0% 100% 

T2DM+HD 
N 5 95 100 

%  5% 95% 100% 

Total 
N 100 200 300 

%  33.3% 66.7% 100% 

 

 

 

Fig. (4.7) Distribution of cases according to type of treatment 
  

4.2.7 Distribution of the study population according to lipid therapy  

Table (4.12) and Fig.  (4.8) illustrated that 15% of T2DM are anti-lipid therapy 

dependent, while 94% of T2DM+HD are anti-lipid therapy dependent.  There is 

a significant difference between both groups respectively (χ
2
=220.5 P=001).

  

 

 

5% 2% 

95% 98% 

T2DM+HD T2DM 

Distribution of cases according to type of treatment 

Insulin Tablet
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Table (4.12) Distribution of the study population according to lipid therapy  

 Lipid therapy 
Total 

Chi 

Square 

P 

value Yes NO 

T2DM 
N 15 85 100 

220.5 0.001 

% 15.0% 85.0% 100% 

T2DM+HD 
N 94 6 100 

% 94.0% 6.0% 100% 

Total 
N 109 91 200 

% 36.3% 63.7% 100% 

 

 

 

Fig. (4.8) Distribution of  the study  population according to lipid therapy 
 

4.2.8 Frequencies of glucose analysis 

Table (4.13) and Fig.(4.9) showed that 91 % of T2DM cases check the level of 

glucose within one month, while 96% of T2DM+HD patients check the level of 

glucose monthly.  
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Table (4.13) Frequencies of glucose analysis 

 Times between test 
Total 

Chi 

Square 

P 

value Month 2 Month 3 Month 

T2DM 
N 91 7 2 100 5.8 0.209 

%  91% 7% 2% 100% 

T2DM+HD 
N 96 3 1 100 

%  96% 3% 1% 100% 

Total 
N 185 11 4 200 

%  95% 3.7% 1.3% 100% 

 

 

 

Fig. (4.9) Frequencies analysis between glucose tests 
 

 

4.2.9 Lipid profile analysis  

Table (4.14) and Fig. (4.10) showed that 97% of T2DM+HD and 27 % of the 

T2DM patients check their lipid profile regularly. 

 
 

 

96% 

3% 1% 

91% 

7% 2% 

MONTH 2 MONTH 3 MONTH 

Frequencies analysis between Glucose test  

T2DM+HD T2DM
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Table (4.14) Lipid profile analysis   

 Lipid test 
Total 

Chi 

Square 

P 

value Yes No 

T2DM 
N 27 73 100 202.2 0.001 

%  27% 73% 100% 

T2DM+HD 
N 97 3 100 

%  97% 3.% 100% 

Total 
N 125 76 200 

%  41.7% 58.3% 100% 

 

 

Fig. (4.10) Lipid profile analysis 
  

4.2.10 Frequency of lipid analysis  

Table (4.15) and Fig. (4.11) showed that 73 % of T2DM check the level of lipid 

during one month 24 % of every two months and 3% every three months. While, 

95% of  HD-T2DM patients check the level of lipid monthly 3% monitoring 

every two months  and 1 % every three  months.  

 

 

97% 

27% 

3% 

73% 

T2DM+HD T2DM 

yes No
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Table (4.15) Frequency of lipid analysis  

 Times between test 
Total 

Chi 

Square 

P 

value Month 2 Month 3 Month 

T2DM 
N 73 24 3 100 

206 0.001 

%  73% 24.0% 3.0% 100% 

T2DM+HD 
N 95 3 1 100 

%  95% 3.0% 1.0% 100% 

Total 
N 168 27 4 200 

%  40.3% 2.3% 0.7% 100% 

 

 

Fig. (4.11) Frequency of lipid analysis 
 

4.2.11 Cardiac enzymes test 

As shown in table (4.16) and Fig. (4.12); 88% of T2DM+HD and 26% of T2DM 

patients analyze cardiac enzymes regularly.  

Table (4.16)  Cardiac enzymes test 

 

95% 

3% 1% 

73% 

24% 3% 

MONTH 2 MONTH 3 MONTH 

T2DM+HD T2DM

 Cardiac  enzymes test 
Total 

Chi 

square 
P value 

Yes No 

T2DM 
N 26 74 100 

184 0.001 

% 26% 74% 100% 

T2DM+HD 
N 88 12 100 

% 88% 12% 100% 

Total 
N 114 86 200 

% 72% 43% 100% 
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Fig. (4.12) Cardiac enzymes 

4.2.12 Monitoring of cardiac enzymes 

Table (4.17) and Fig. (4.13)  showed that 85 % of T2DM check the level of 

cardiac enzymes during one month and 14 % every two months. While 97% of 

HD-T2DM patients check the level cardiac enzymes every month; 2% 

monitoring every two months and 1 % every three months. 

 

Table (4.17) Monitoring of cardiac enzyme  

 Times between test 
Total 

Chi 

Square 

P 

value Month 2 Month 3 Month 

T2DM 
N 23 4 0 27 

14.4 0.006 

%  85.2% 14.8% 0.0% 100% 

T2DM+HD 
N 96 2 1 99 

%  97.0% 2.0% 1.0% 100% 

Total 
N 217 7 2 226 

%  96% 3.1% 0.9% 100% 

 

97 

3 12 26 

74 

88 

YES NO 

T2DM+HD T2DM
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Fig. (4.13) Monitoring of cardiac enzyme 

  

4.3  Biochemical parameters of the study population 

4.3.1 FBS level of the study population 

The mean value of FBS level among T2DM was significantly higher than the 

controls with percentage increases of 133.5%, while the level of FBS among 

T2DM+HD was significantly decreased compared to T2DM (167± 74 vs 

205.94±  81.817 mg/dl,  t= -3.44and P=0.001 respectively) as shown in Table 

(4.18).  

Table (4.18) FBS level of study population 

Test Diagnosis 
Mean ± 

St. deviation  mg/dl 

of  %

change 
t P value 

FBS 

Control 

(Min-Max)  

88 ± 7.2  

(71-107) 

   

T2DM 

(Min-Max) 

205.94±  81.817  

(92-507) 

133.51 

 

14.3 0.001 

T2DM+HD 

(Min-Max) 

167± 74  

(73-400) 

-18.54 

 

-3.44 0.001 

 

96% 

3% 1% 23% 4% 0 

MONTH 2 MONTH 3 MONTH 

T2DM+HD T2DM
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4.3.2  Lipid profile of study population 

Table (4.19) illustrated lipid profile of the study population.  The mean value 

of TC among T2DM was significantly increased compared to control 

(205.1±58.6 mg/dl vs. 162.3±18.064 mg/dl, t 6.9, p=0.001). The percentage of 

change was decreased (-4.86) between T2DM+HD and T2DM. While the 

mean level of T.G among the T2DM was significantly increased compared 

with control (235.4±98.1 vs. 166.63±16.9 mg/dl, t=6.9 p=0.001).  The 

percentage of change was (-8.75) between T2DM+ HD and T2DM. The mean 

value of LDL-C among T2DM was significantly increased compared with 

controls (125.41±61.093 vs. 89.34±16.958 mg/dl, t=4.2, p=0.001). The 

percentage of change was (-6.95) between T2DM+ HD and T2DM. 

There was a significant decreased in the mean level of HDL cholesterol among 

the cases compared with the control (35.71±4.573 vs. 40.20±2.621 mg/dl, t=-

8.5.P=0.001). The percent of change was (2.2) between T2DM+ HD and 

T2DM.  

 
Table (4.19) Lipid profile of study population 

Test Diagnosis 
Mean± 

Std. Deviation mg/dl 

 %of 

change 
t 

P 

value 

T.C 

Control 

(Min-Max) 

162.3±18.064   

(110-191) 

-   

T2DM 

(Min-Max) 

205.1±58.6  

(111-390) 

26.3 6.9 0.001 

T2DM+HD 

(Min-Max) 

097.8±65.8   

(101-520) 

-4.86 1.1 0.721 

TG 

Control 

(Min-Max) 

166.63±16.9   

(101-193) 

   

T2DM 

(Min-Max) 

235.4±98.1   

(94-653) 

41.35 6.9 0.001 

T2DM+HD 507.8±9:.8   -8.75 1.4 0.647 
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4.3.3 LDL-c and heart complication   

As the table (4-20) showed 33% of IHD have a high level of LDL-c  

Table (4.20) LDL-c and heart complication 

 LDL-c  level  Total 

Normal high 

Heart failure 8 2 10 

IHD 29 33 62 

atherosclerosis 4 8 12 

CVA 11 5 16 

Total 52 84 300 

 

4.3.4 Cardiac enzymes among the study population 

Cardiac enzymes of study population are presented in Table (4.21). The mean 

value of cardiac enzymes (AST, CPK, and LDH) among T2DM were 

(Min-Max) (87-752) 

HDL 

Control 

(Min-Max) 

40.20±2.621   

(37-49) 

   

T2DM 

(Min-Max) 

35.71±4.573   

(23-45) 

-11.1 -8.5 0.001 

T2DM+HD 

(Min-Max) 

36.5±4.8   

(23-49) 

2.2 -

1.18 

0.763 

LDL 

Control 

(Min-Max) 

89.34±16.958   

(40-119) 

   

T2DM 

(Min-Max) 

125.41±61.093   

(43-364) 

40.3 5.6 0.001 

T2DM+HD 

(Min-Max) 

116.6±62.3   

)39-334) 

-6.95 0.99 0.629 
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significantly high compared with the controls. The mean level of CPK among 

T2DM were (108±64vs92.3±37 IU/ml, t 2.1 p=0.05) compared with the 

controls. The percent of change was (13.9) significantly increased between 

T2DM+ HD and T2DM. The mean level of LDH among T2DM was 

significant increased compared with the control (398.2±166.3 vs293±110 

IU/ml, t=5.2, p=0.003). The percent of change was (-3.3) between T2DM+ HD 

and T2DM. Finally, the mean level of AST among T2DM were non-significant 

compared with the control (30.3±28.1 vs. 20.7±6.32.8 IU/ml, t1.6, p=0.08). 

 
Table (4.21) Cardiac enzymes of study population 

Test Diagnosis 
Mean ± Std. 

Deviation IU/ml 

%of  

change 
t P value 

CPK 

Control 

(Min-Max) 

92.3±37  

(34-241) 
   

T2DM 

(Min-Max) 

108±64  

(28-598) 
17.1 2.1 0.05 

T2DM+HD 

(Min-Max) 

123.1±80.9  

(36-567) 
13.9 1.5 0.05 

LDH 

Control 

(Min-Max) 

293±110  

(108-440) 
   

T2DM 

(Min-Max) 

398.2±166.3  

(97-1088) 
40.9 5.2 0.003 

T2DM+HD 

(Min-Max) 

481±178.2  

(141-1234) 
20.7 -3.3 0.166 

AST 

Control 

(Min-Max) 

20.7±6.3  

(10-36) 
   

T2DM 

(Min-Max) 

30.3±28.1  

(10-598) 
45.9 1.6 0.087 

T2DM+HD 

(Min-Max) 

25.7-20.4  

(9-133) 
-15.1 0.745 0.626 
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4.3.5 Lp(a) and hs.CRP levels of the study population 

The measured levels of Lp(a)  and hs.CRP among the study population were 

shown in Table (4.22). The concentration of  Lp(a) a was significantly elevated 

with percent of change  (278.7 %)  in T2DM patients compared with the 

control (36.3±29.1Vs 9.5 mg/dl ,t=9.0, P=0.001). No significant different 

between the mean value of Lp(a)  among T2DM+HD  and  T2DM.  hs.CRP 

value was significantly increased in T2DM patients compared with the controls 

(10.1±9.6vs. 11.8±.0.87 mg/dl, t=8.5, p=0.001). The percent of change 

between T2DM+ HD and T2DM was (10.0%).  

  

Fig. (4.14) Cardiac enzymes of study population 
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Table (4.22)  Lp(a)  and hs.CRP levels of study population 

Test Diagnosis Mean ± Std.Deviation mg/dl 
 % of  

change 
t 

P 

value 

Lp(a) 

 

Control 

(Min-Max) 

9.5±4.9  

(2-23) 

   

T2DM 

(Min-Max) 

36.3±29.1  

)1-125( 

278.7 9.0 0.001 

T2DM+HD 

(Min-Max) 

50.1±35  

)3-178) 

38.1 -3.0 0.207 

hs.CRP 

 

Control 

(Min-Max) 

1.8±.0.87  

)1-4( 

   

T2DM 

(Min-Max) 

10.1±9.6  

)1-61( 

453.5 8.5 0.001 

T2DM+HD 

(Min-Max) 

11.1±9.6  

)1-61( 

10.0 -

0.760 

0.207 

 

4.3.6 Lp(a)  and hs.CRP distribution 

The table (4.23) and Fig. (4.17) showed that 51% of T2DM and 65% 

T2DM+HD had high level of Lp(a). However 49% of T2DM and 35% 

T2DM+HD had normal Lp(a) level. While 57% of T2DM and 63% T2DM+HD 

had high level of hs.CRP; 43% of T2DM and 37% T2DM+HD had normal 

hs.CRP level 

 
Table (4.23) Lp(a) and hs.CRP frequency 

T2DM 

Lp(a) Freq. %  hs.CRP Freq. % 

Normal 49 49% Normal 43 100  % 

High 51 51% High 57  

Total 100 Total 100 

T2DM+HD 

Normal 35 35 % Normal 37 58  % 

High 65 65% High 63 42 % 

Total 100 Total 100 
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Fig. (4.15) Lp(a) and hs.CRP frequency 
 

 

4.3.7 Lp(a) and the complication of diabetic with heart disease  

As the table (4.24) showed that 56% of IHD, 14% of CVA and 7% of 

atherosclerosis have a high level of Lp(a).  

Table (4.24) Lp (a) and the complication of diabetic with heart disease 

 Lp(a) % 
Total 

Normal High 

Heart failure 10 0 10 

IHD 6 56 62 

Atherosclerosis 5 7 12 

CVA 14 2 16 

Total 35% 75% 100 

 

4.3.8 hs.CRP and the complication of diabetic with heart disease  

The table (4.25) showed that 43% of IHD and 8%of atherosclerosis have a high 

level of h.s CRP. 

0 0 

51% 
57% 

65% 63% 

100% 100% 

49% 
43% 

35% 37% 

LP(A) HS-CRP LP(A) HS-CRP LP(A) HS-CRP 

CONTROL T2DM T2DM+HD 

High Normal
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Table (4.25) hs.CRP and the complication of diabetic with heart disease 

 hs. CRP % 
Total 

Normal High 

Heart failure 7 3 10 

IHD 19 43 62 

Atherosclerosis 4 8 12 

CVA 7 9 16 

Total 37% 63% 100 

 

4.3.9 The correlation between Lp(a) and other biochemical parameters 

The correlation between Lp(a) and other biochemical parameters was illustrated 

in Table (4.26); it showed weak positive  correlation with glucose (r=0.222),  

and  positive correlation with T.C, LDL , LDH and hs.CRP (r=0.265, 0.253, 26 

1and 0.258) respectively and the correlation changed to negative trend (r=-0.31) 

with  HDL. 

Table (4.26) Correlation between Lp(a) and  biochemical parameters 

Parameters r P value 

Glucose 0.222 0.000 

T.C 0.265 0.000 

T.G 0.153 0.004 

HDL -.0311 0.000 

LDL 0.254 0.000 

CPK 0. 155 0.004 

LDH 0.261 0.000 

hs.CRP 0.257 0.000 
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4.3.10 The correlation between glucose and other biochemical parameters 

Table (4.27) showed the correlation between glucose and biochemical 

parameter; positive correlation was found between glucose and T.C, T.G, LDL, 

LDH, hs. CRP (r=0.278, 0.309, 0.219, 0.311and 0.356) respectively and this 

correlation was changed to negative trend (r=-0.31) between HDL and Glucose.  

 

Table (4.27) Correlation between glucose  and  biochemical parameters 

Parameters r P value 

T.C 0.278 0.000 

T.G 0.153 0.000 

HDL -0.317 0.000 

LDL 0.219 0.000 

LDH 0.311 0.000 

hs.CRP 0.356 0.000 

 

4.3.11 The correlation between cholesterol and other   biochemical 

parameters 

The table (4.28) show strongly positive correlation cholesterol with triglyceride, 

LDL and LDH (r= 0.498, 0.894, 0.311) respectively and negative trend change 

(r=-512) between cholesterol and HDL.  

 
Table (4.28) Correlation between cholesterol  and  biochemical parameters 

Parameters r P value 

T.G 0.498 0.000 

HDL -0.512 0.000 

LDL 0.894 0.000 

LDH 0.311 0.000 
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4.3.12  The correlation between triglyceride level and other biochemical 

parameters 

Table (4.29) showed positive correlation between triglyceride level and LDL, 

LDH and hs.CRP (r= 0.235, 237and 0.222) respectively and showed negative 

trend change regards HDL (r=-512).  

 

Table (4.29) Correlation between triglyceride and biochemical parameters 

Parameters   r P value 

HDL -0.512 0.000 

LDL 0.235 0.000 

LDH 0.237 0.000 

hs.CRP 0.222 0.000 

 

4.3.13 The correlation between HDL level and other biochemical 

parameter 

Table (4.30) showed positive correlation between HDL and LDL (r= 0.253) and 

negative trend change (r=-255) between HDL and LDH. 

 

Table (4.30) Correlation between HDL and biochemical parameters 

Parameters R P value 

LDL 0.253 0.000 

LDH -0.255 0.000 

hs.CRP -0.196 0.000 

 

4.3.14 The correlation between LDL and   LDH 

Table (4.31) showed positive correlation between LDL and LDH (r=0.203) 

 

 



56 
 

Table (4.31) Correlation between LDL and biochemical parameters 

Parameters r P value 

LDH 0.203 0.000 

4.3.15 The correlation between AST level and biochemical parameters 

As illustrated in Table (4.32) a positive correlation was found between AST and 

CPK (r=0.550); and LDH (r=0.149).  

 

  
Table (4.32) Correlation between AST and biochemical parameters 

Parameters R P value 

LDH 0.149 0.000 

CPK 0.550 0.000 

 

4.3.16 Summary of correlations between the study parameters   

Table (4.33) Summary of the correlation between the study parameters 

  
FBG T.C T.G HDL LDL AST CPK LDH Lp (a) 

hs. 

CRP 

r value  

FBG 1          

T.C 0.278 1         

T.G 0.309 0.498 1        

HDL -0.316 -0.512 -0.511 1       

LDL 0.219 0.894 0.234 -0.434 1      

AST 0.026 -0.009 -0.021 0.0107 -0.037 1     

CPK -0.001 -0.024 0.022 -0.016 -0.052 0.55 1    

LDH 0.311 0.237 0.181 -0.255 0.203 0.1488 0.237 1   

Lp(a) 0.222 0.266 0.153 -0.311 0.259 0.0893 0.155 0.261 1  

hs. 

CRP 

0.356 0.091 0.223 -0.197 0.039 0.0949 0.136 0.171 0.258 1 
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Fig (4.16) Summary of the correlation between the study parameters 
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5 Discussion 

5.1 Overview 

Diabetes mellitus is a metabolic disorder of multiple etiology characterized by 

chronic hyperglycemia with disturbances of carbohydrate, fat and protein 

metabolism resulting from defects in insulin secretion, insulin action, or both 

(Association, 2014). The prevalence of diabetes in Gaza Strip in 2014, 

according to the Palestinian Ministry of Health was 15.2 % (MOH, 2014). 

The total number of people worldwide suffering from type II diabetes was 

expected to increase from 171 million in 2000 to 366 million in 2030 (Mathers 

and Loncar, 2006). Diabetes is associated with reduced life expectancy, the 

significant morbidity associated with diabetes arises from microvascular 

complications, increased risk of macrovascular complications (ischemic heart 

disease, stroke, and peripheral vascular disease), and diminished quality of life 

(Badran and Laher, 2012). CVD is a major complication of diabetes and the 

leading cause of early death among people with diabetes about 65% of diabetes 

die from heart disease. serum levels of Lp(a)  was increased and risk factor for 

CHD (Toro et al., 2015). 

The mechanism by which Lp(a) could accelerate atherosclerosis is by 

penetration into the arterial wall (Pedersen et al., 2010). Possible atherogenic 

effect is attenuation of clot lysis due to competitive binding of Lp(a) to 

plasminogen receptor on the vascular endothelium, reducing activation of 

plasminogen by tissue plasminogen activator (Scanu et al., 2012) 

5.2 Questionnaire discussion 

5.2.1 Socio-demographic characters of the study population 

The distribution of the subjects by area showed that Al-shifa hospital (Gaza city) 

has the highest rate of T2DM with and without HD.  Compared with other 

hospital, which could be due to the highest population that Al-shifa hospital 



59 
 

serves. Due to geographical distribution, socioeconomic and environmental 

factors. 

The age range of the study population was 40 -70 years old (48%) of T2DM and 

(35 %) T2DM+HD within the age range of 53-59 years. Older adults are at high 

risk of developing of type 2 diabetes due to the combined effects of increasing 

insulin resistance and impaired pancreatic islet function with aging. Age-related 

insulin resistance appears to be primarily associated with adiposity and physical 

inactivity (Schütt et al., 2012). The case study include high of participant (57%) 

in the secondary and 43% university level. Individual below high school level 

were more likely to have diabetic than those in the bachelor’s degree level 

(Borrell et al., 2006) 

5.2.2 Smoking  

Smoking is considered as a risk factor for many diseases including CVD. 

However 42% of smokers were among T2DM patients and 41 % of smokers 

were  among T2DM+HD, which is considered very high rate of smokers  that 

could contribute in the complications of T2DM including, heart disease and 

CAD. As well 41 % of smokers were present among the control group which 

reflect high rate of smoking among the population in Gaza strip. People with 

diabetes have an increased risk of heart disease, which is elevated if they smoke,  

smoking raise blood sugar, but it also weakens to the body's ability to respond to 

insulin (Messner and Bernhard, 2014). Uncontrolled blood sugar can lead to 

serious diabetic complications, such as a risk factor for macrovascular( heart 

attacks and strokes) (Wannamethee et al., 2001). Our results is in agreement 

with Wannamethee & perry, 2001 who found that cigarette smoking was 

associated with a significant increase in risk of diabetes. 

5.2.3 Regular exercise 

Regular exercise plays a major role in the prevention and control of insulin 

resistance, however 19% of T2DM and 7% T2DM+HD playing exercise 
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regularly. The results was in agreement with Chipkin et al., 2001.. Long-term 

effects of regular exercise are particularly advantageous for type 2 diabetic 

patients. Regular aerobic exercise reduces of visceral fat mass and body weight 

without decreasing lean body mass, ameliorates insulin sensitivity, glucose and 

blood pressure control, lipid profile and reduces the cardiovascular risk. For 

these reasons, regular aerobic physical activity must be considered an essential 

component of the cure of type 2 diabetes mellitus.(De Feo et al., 2006).   

5.2.4 Treatment of diabetic patient  

Ninety eight percent of the study population, T2DM patients depend on oral 

hypoglycemic agents as a tool of hyperglycemia control, which shows the good 

awareness of patients and follow-up with their doctors. But, 2% of T2DM   

patients were dependent on insulin injections. Diabetes Treatment could be used 

as a good indication of the underlying stage of the disease and reflect the rate of 

β-cell degeneration among T2DM patients. Metformin is antihyperglycemic 

agent recommended as the first line oral T2DM, the main effect of this drug 

acutely decrease hepatic glucose production (Viollet et al., 2012).  

The risk of microvascular and macrovascular complications(retinopathy, 

nephropathy, neuropathy) is related to hyperglycemia and complications of 

T2DM is associated with glycemic control and the reduction of the risk of 

microvascular and macrovascular complications and a trend toward reduced 

rates of myocardial infarction were randomly assigned to either a sulfonylurea 

or insulin  intensive therapy (Inzucchi et al., 2012). 

5.2.5 Treatment of dyslipidemia   

Dyslipidemia is the leading cause of hardening of arteries, lose arterial 

flexibility and its ability to expand  and contracted which is necessary to control 

blood pressure (Perry et al., 2014). In our study 15% of T2DM patients 

dependents on anti-lipid drugs as a way of lipid control. And 94% T2DM+HD 
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were dependent anti lipid drugs, which shows good awareness of patients and 

follow-up with their doctors. 

Statins are a class of cholesterol lowering drugs that inhibit the enzyme HMG-

CoA reductase which plays a central role in the production of cholesterol 

(Lewington et al., 2007).  

Chehade et al., 2013 show that low HDL-c levels may benefit from combination 

therapy of statins and fibrates. The goal of therapy is to achieve at least 30–40 % 

reduction in LDL-c levels. Preferably the LDL-c should be less than 100 mg/dL 

in low-risk people and less than 70 mg/dL in those at high risk, including people 

with established CVD (Chehade et al., 2013).  

The management of diabetic dyslipidemia, is a key element in the multifactorial 

approach to prevent CVD in individuals with T2DM. Diabetic dyslipidemia 

consists of moderate elevation in triglyceride levels, low HDL cholesterol 

values, and small dense LDL particles. This lipoprotein pattern is associated 

with insulin resistance  and is present even before the onset of diabetes (Samuel 

et al., 2010). LDL particles are highly atherogenic because of their enhanced 

susceptibility to oxidative modification and increased uptake by the arterial wall 

(Gerber et al., 2012). Statins is the strongest evidence for the beneficial effect of 

cholesterol lowering in diabetic individuals with and without evidence of CVD 

(Sampson et al., 2012). 

5.3 Biochemical parameters of study population  

5.3.1 Glucose  

Glucose level was significantly higher in cases than controls, while the level of 

glucose among T2DM+HD was significantly decreased compared to T2DM. 

Untreated hyperglycemia can cause long-term complications such as 

cardiovascular disease, neuropathy, nephropathy, diabetic retinopathy, 

https://en.wikipedia.org/wiki/Drugs
https://en.wikipedia.org/wiki/Enzyme_inhibitor
https://en.wikipedia.org/wiki/HMG-CoA_reductase
https://en.wikipedia.org/wiki/HMG-CoA_reductase
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potentially leading to blindness (Ripsin et al., 2009). NIDDM results from a 

decreased sensitivity of target cells to insulin (insulin resistance) or from a decreased 

amount of insulin production. Insulin resistance is the inability of insulin to exert its 

metabolic actions, due to impaired activation of intracellular insulin signaling. This 

condition is caused by genetic defects or by environmental conditions (Roberts et al.).  

In type 2 diabetes, lipid accumulation impairs insulin signaling insulin-mediated 

skeletal muscle, glucose uptake is impaired, and glucose diverted to the liver. Increased 

liver lipid also impairs the ability of insulin to regulate gluconeogenesis and activate 

glycogen synthesis. Impaired insulin action in the adipose tissue allows for increased 

lipolysis, which will promote re-esterification of lipids in other tissues (such as liver) 

and further increased resistant insulin resistance. Coupled with a decline in pancreatic β 

cells mass (Samuel and Shulman, 2012). 

5.3.2 Lipid profile of the study population 

Total cholesterol, T.G, LDL-C concentrations were significantly higher in cases 

compared to the control.  HDL-C concentrations were significantly lower in 

cases compared to the controls. In the human body, high levels of triglycerides 

in the bloodstream have been linked to atherosclerosis and, by extension, the 

risk of heart disease and stroke. The risk can be partly accounted for by a strong 

inverse relationship between triglyceride level and HDL-cholesterol level 

(Bausch-juren and Kotchen, 2015). (BAUSCH-JURKEN and KO TCHEN, 2015 ).  

In Type 2 diabetes, when glycemic control is poor and in patients who are 

relatively insulin deficient, lipoprotein lipase (LPL) activity may be reduced. 

Humans with LPL deficiency have low plasma HDL concentrations. The 

reduction in LPL activity could reduce the maturation of HDL particles that 

occurs as a result of the shedding of lipids and apolipoproteins from the surface 

of TG-rich lipoproteins during LPL-mediated lipolysis. Thus, this theory holds 

that HDL production is reduced in hypertriglyceridemic states as a result of the 

reduced LPL activity (Rashid et al., 2003). Our result agree with Chehade et al., 

https://en.wikipedia.org/wiki/Atherosclerosis
https://en.wikipedia.org/wiki/Coronary_heart_disease
https://en.wikipedia.org/wiki/Stroke
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2013 who mentioned that dyslipidemia in T2DM prevalence, pathophysiology, 

and management. A significantly increased LDL in T2MD 24 % compared to 

control, triglyceride levels of patients with T2DM are markedly increased, while 

HDL-c levels are reduced compared with controls. With T2DM had 50 % higher 

triglyceride levels than nondiabetic (Chehade et al., 2013) 

5.3.3 Cardiac enzymes of the study population 

 Cardiac enzymes (AST, CPK, and LDH) were significantly increased among 

cases which may considered as a predictor of the risk of near-term myocardial 

infarction in diabetic patients compared with controls. The result revealed that 

5.7% of diabetic patients were suffering from CVD. The results agree with 

(Awad.F., 2013) that investigated the assessment of Apolipoprotein C- III as a 

predictor of cardiovascular diseases among type 2 diabetic men in Gaza strip. 

CPK was within high risk range in 9.6% of T2DM and 18.9% of T2DM+HD 

patients. This may be due to complication of hyperglycemia. Serum enzymes 

such as CPK, LDH and AST, have been used as biomarkers of acute myocardial 

infarction, lactate dehydrogenase and creatine kinase are expressed in heart 

muscles, when cells damaged or destroyed LDH and CPK elevated in blood 

(Hendel et al., 2009). 

5.3.4 Lp(a)  and hs.CRP of the Study population 

Significant elevation of Lp(a)   level were observed in our study among diabetic 

patients compared with control, in which  51% of T2DM and 65% of 

T2DM+HD have significantly high Lp(a)  level. This result is matched with 

Chandi, 2012 that investigated lipoprotein(a) in type 2 diabetic subjects and its 

relationship to diabetic microvascular complications he showing abnormal Lp(a) 

levels (≥ 30 mg/dL) were observed in 26.4% diabetic subjects. Seventy-eight 

(54.16%) cases had diabetic nephropathy and significantly higher Lp(a) levels 

were found among these cases (Chandni and Ramamoorthy, 2012). 

https://en.wikipedia.org/wiki/Creatine_kinase
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 High level Lp(a)  increases the risk of coronary disease (Hopewell et al., 2014). 

It may involve LDL-c, cholesterol, the inhibition of conversion of plasminogen 

to plasmin, the inhibition of the expression of tissue factor, (Sprandel et al., 

2015).  Found significant association between plasma level of apolipoprotein (a) 

and hs.CRP. The hs.CRP was useful explored an dependent risk of 

cardiovascular history and as prognosis in case of chronic or acute 

cardiovascular disease (Brito et al., 2015). High serum Lp(a) is a CAD risk 

factor dependent on type 2 diabetes mellitus and elevated low-density 

lipoprotein (LDL) cholesterol levels. In particular, the combined effect of high 

Lp(a) (> or =20 mg/dl) and high LDL cholesterol > 140 mg/dl]), increases 

coronary risk combined with type 2 diabetes mellitus (Solfrizzi et al., 2002)  

5.3.5 Method and reference interval for Lp(a)  in healthy Palestinian from 

Gaza strip  

The most common method to quantify Lp(a)  concentration uses monoclonal 

anti-Lp(a)  antibodies. The first commercial Lp(a)  uses of radioimmunoassay or 

radial immunodiffusion. Currently, enzyme immunoassay (ELISA) and methods 

based on nephelometry are more often used. The wide variation in Lp(a)  

molecular weight makes the ratio between mass and molar concentration vary 

between individuals. When the method of determination of Lp(a)  involves 

antibodies that react with Lp(a)  kringle region, which has high individual 

variability, differences in reaction not related to molar concentration might 

occur, explaining the differences in normal Lp(a)  plasma levels in different 

population samples. In that context, there are difficulties in standardizing the 

methodology to determine Lp(a)  to allow a more accurate comparison between 

different studies. So, new methods to determine Lp(a)  are being developed. The 

study reference intervals for the major Lp(a) a level in the Palestinian, 

population using immune-turbidimetric assay. the present study, showed that the 

normal range of Lp(a)   9.5±4.9 mg/dl in Gaza Strip 
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5.3.6 Association between Lp(a)  and biochemical parameters. 

Weak positive correlations between Lp(a) and glucose (r=0.222,P=0.001) 

disagree with Lippie et al., 2007 who mention that concentration of 

lipoprotein(a) did not significantly differ in patients with normal and impaired 

glucose tolerance (P=0·349) (Lippi et al., 2007) 

5.3.7  Diabetes and Lp(a)  

 T2DM+HD have (65%) higher Lp(a) levels than T2DM (51%) compared to 

NC. These results show that T2DM early diagnosed at higher risk of 

cardiovascular disease. Lp(a) as a causal risk factor for coronary heart disease 

(CHD) have prompted a resurgence of interest in Lp(a)  as a therapeutic target 

for prevention of CHD  (Hopewell et al., 2014). High serum Lp(a) is a CAD risk 

factor dependent on T2DM and elevated low-density lipoprotein (LDL) 

cholesterol levels. In particular, the combined effect of high Lp(a) (> or =20 

mg/dl) and high LDL cholesterol > 140 mg/dl]), increases coronary risk 

combined with T2DM (Solfrizzi et al., 2002). 

5.3.8 Lp(a) and the complication of heart diseases  

Lipoprotein (a) is an independent risk factor for ischemic heart disease (IHD). 

Lp(a) conflicting the extent of its association with IHD among T2DM; (IHD) as 

the result of impaired blood supply leading to heart failure. Elevated Lp(a) lead 

to  arterial stenosis, thrombotic events secondary to atherosclerosis (Spence and 

Koschinsky, 2012). Our result showed that 56% of Ischaemic Heart Disease, 

14% of CVA and 7% of  atherosclerosis have high level of Lp(a) which is in 

agreement with Albahrani, et al. 2007  who showed that,  significant correlation 

was revealed between Lp(a) and IHD(AlBahrani et al., 2007). 
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5.3.9  hs.CRP and the complication of heart diseases 

High sensitive C-reactive protein (hs.CRP) is acute-phase protein which 

describe as sensitive systemic marker of inflammation and tissue damage 

especially in cardiovascular disease (CVD) (Mohamed et al., 2015). 

Our result showed that 43% of IHD and 8% of patients suffering from 

atherosclerosis have a high level of h.s CRP and 9% of patients suffering from 

CVA have a high level of h.s CRP; our result is in agreement with (Iso et al., 

2012). 

CRP binds to the phosphocholine expressed on the surface of dying, this 

activates the complement system, promoting phagocytosis by macrophages, 

which clears necrotic and apoptotic cells and bacteria. 

This so-called acute phase response occurs as a result of a rise in the 

concentration of IL-6, which is produced by macrophages (Pepys and 

Hirschfield, 2003). As well as adipocytes in response to a wide range of acute 

and chronic inflammatory conditions such as; malignancy; and tissue injury and 

necrosis. These conditions cause release of interleukin-6 and other cytokines 

that trigger the synthesis of CRP and fibrinogen by the liver. 

5.3.10 LDL-c and heart complication  

The concentration of low-density lipoprotein cholesterol (LDL-C) is one of the 

strongest markers of atherosclerosis and predictor for assessing coronary heart 

disease (CHD) risk. However, if the plasma level of LDLs exceeds a threshold, 

they enter the artery faster than they can be removed and thus accumulate. When 

they accumulate, they become modified, including being oxidized. The modified 

LDLs then stimulate endothelial cells to express a protein, monocyte 

chemotactic protein-1 (MCP-1), that attracts monocytes from the blood into the 

artery wall. The modified LDLs also promote the differentiation of monocytes 

into macrophages. Macrophages, in turn, express scavenger receptors to take up 

https://en.wikipedia.org/wiki/Phosphocholine
https://en.wikipedia.org/wiki/Complement_system
https://en.wikipedia.org/wiki/Phagocytosis
https://en.wikipedia.org/wiki/Acute_phase_response
https://en.wikipedia.org/wiki/Interleukin-6
https://en.wikipedia.org/wiki/Macrophage
https://en.wikipedia.org/wiki/Adipocyte
https://en.wikipedia.org/wiki/Interleukin-6
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the modified LDLs, resulting in the formation of lipid-filled foam cells, the 

hallmark cells of atherosclerosis. (Barter, 2005). Our result showed that 33% of 

ischemic heart disease have a high level of LDL-c, our result is in agreement 

with (Bonow et al., 2006). 
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6 Conclusions and Recommendations 

6.1  Conclusions 

 

 The mean value of Lp(a) in T2DM and T2DM+HD patients were higher 

than controls,  which consider as risk factor for CVD. 

 The mean level of hs.CRP was significantly elevated in T2DM patients 

when compared to controls. 

 The mean levels of Lp(a) were increased in type 2 diabetic patients. The 

elevated Lp(a) levels do not reflect the glycemic status and are 

independent to the  increase in LDL and HDL.  

 FBS increased significantly among T2DM patients In T2DM+HD, while 

FBG was significantly lower than its level in T2DM.  

 Lipid profile were increased or decreased significantly among T2DM 

and T2DM+  

 There was significant correlation between LDL-c and cholesterol among 

T2DM and T2DM+HD. 

 There was significant positive correlation was found between Lp(a)  and 

LDL-c 

 There was significant Weak significant correlation was found between 

Lp(a)  and FBG, cholesterol and triglycerides, between the patient of 

normal control . 

 There was significant positive correlation was found between Lp(a)  and 

HDL-c. 

 There was a strong correlation between the presence of abnormal levels 

of Lp(a) among T2DM and T2DM+HD. 

 There was a strong correlation between the presence of abnormal levels 

of hs.CRP among T2DM and T2DM+HD. 
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6.2  Recommendations 

 

1. Increase awareness about the rise in diabetes, and its complications, 

including cardiovascular diseases. These will include steps to prevent 

diabetes and diagnose, treat and care for people with diabetes. 

2. Measurement of Lp(a) and hs CRP in the MOH in diabetes clinics as 

predictors of cardiovascular diseases. 

3. Measurement of lipids profile as routine tests in diabetes clinics, for 

evaluating the condition in patients under risk of CVD.  

4. Donation of dyslipidemia medications for diabetic’s patients and 

cardiovascular patients in MOH. So recommend that attention should be 

directed to this issue. 

5. Further research is needed to assessment Lp(a) among T1DM patients . 

6. Investigate the effect of Lp (a) on the gestational DM for pregnant and 

influencing factors during pregnancy. 

7. Investigation of Lp(a)  and  recurrent abortion as a risk factors . 
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